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MONOLITHIC ROOF BIT CUTTING BIT INSERT 

RELATED APPLICATIONS 

This application is related to copending U.S. 
patent application No. 09/591,644, filed June 9, 2000, 
to Curnie A. Dunn et al. (Case No. K-1554P) , entitled 
"DRILL BIT, HARD MEMBER AND BIT BODY" and patent 
application No. 09/500,813, filed February 15, 2000, by 
Dunn et al. 

FIELD OF THE INVENTION 

The invention pertains to an earth 
penetrating rotary drill bit that has a hard member at 
the axial forward end of a bit body. 

BACKGROUND OF THE INVENTION 

The expansion of an underground coal mine 
requires digging a tunnel that initially has an 
unsupported roof. To provide support for the roof, a 
rotary drill bit (e.g., a roof drill bit) is used to 
drill boreholes, which can extend from between about 
two feet to about (or even greater than) twenty feet, 
into the earth strata. Roof bolts are affixed within 
the boreholes and a roof support (e.g., a roof panel) 
is then attached to the roof bolts. Examples of a 
conventional roof drill bit with an axial forward slot 
that carries a blade style hard insert are shown in 
U.S. Patent No. 5,172,775 to Sheirer et al. 

It is desirable to provide a roof drill bit 
that permits completion of the drilling operation as 
soon as possible. A roof drill bit that presents at 
least three leading cutting edges increases the 
penetration rate due to an increase in the number of 
the leading cutting edges. Three leading cutting 
edges, especially with a radial orientation, permits 
the roof drill bit to advance forward with very little 
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the roof drill bit to advance forward with very little 
wobble (i.e., side-to-side movement) so as to achieve 
balanced drilling. Leading cutting edges that 
terminate short (i.e., at a point radially outward) of 
5 the center point of the hard insert define a central 
open area so as to reduce the amount of low velocity 
cutting, i.e., the cutting action that occurs nearer to 
the center point. An increase in the number of the 
leading cutting edges, the balanced drilling, and the 
10 reduction in low velocity drilling each contributes to 
an increase in the penetration rate of the roof drill 
bit, which provides for the efficient completion of the 
yjj drilling operation. 

03 Clogging and stalling may occur when drilling 

OS 

p 15 at a higher penetration rate. It would be an advantage 

Fp to adequately handle and evacuate debris so as to 

reduce the potential for clogging. A roof bit drill 
B that pulverize earth strata at the tip of the bit into 

y manageable small sized particles that can be easily 

ry 20 evacuated. It would be an advantage to provide a roof 

U] drill bit with a drill bit body that can withstand the 

stresses inherent during stalling. 



l z 



SUMMARY OF THE INVENTION 

In one form thereof, the invention is a 
25 rotary drill bit for penetrating the earth strata. The 
drill bit includes a bit body that has an axial forward 
end wherein a hard insert, which preferably is 
monolithic, is affixed to the axial forward end 
thereof. The hard insert presents at least three 
30 leading cutting edges. 

In yet another form thereof, the invention is 
a hard member, which preferably is monolithic, that 
attaches to a drill bit body with a central 
longitudinal axis so as to form a rotary drill bit. 
35 The hard member has a forward surface and a rearward 



K-1816 




-3- 



surface. At least three discrete leading cutting edges 
project from the forward surface of the hard member. 
Each cutting edge is not straight but has an irregular 
nonlinear shape. In one embodiment the leading cutting 
edge is stepped. It is believed that the stepped 
cutting edge provides for disintegration of earth 
strata into smaller sized particles than a straight 
cutting edge. 



bit body for attachment to a hard member so as to form 
a rotary drill bit for penetrating earth strata that 
generates debris wherein the drill bit body comprises a 
central bore, and a peripheral surface. The peripheral 
surface contains. a trio of debris apertures wherein 
each aperture is in communication with the central 
bore . 



The following is a brief description of the 
drawings that form a part of this patent application. 

FIG. 1 is an perspective view of a specific 
embodiment of a roof drill; 

FIG. 2 is an isometric view of the hard 
insert of FIG. 1; 

FIG. 3 is a perspective view of the hard 
insert of FIG. 1 in a second position; 



of the hard insert taken along lines 4 — 4 in FIG. 3; 
and 

FIG. 5 is a side view of roof drill bit hard 
insert shown in FIGS. 1-3 ; 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to the drawings, there is a roof 
drill bit generally designated as 20 with a central 
longitudinal axis A-A. Roof drill bit 20 includes a 



In a form of the invention is a roof drill 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 4 is a partial cross section of a view 
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generally cylindrical elongate steel drill bit body 22 
having a diameter equal to 1 inch (2.54 cm). Bit body 
22 further includes an axial forward end 24, an axial 
rearward end 26, the axial rearward end has a generally 
cylindrical peripheral surface. 

There is a pedestal portion at the axial 
forward end 24. Pedestal portion includes a trio of 
symmetric arcuate dished-out scalloped surfaces that 
become narrower (not shown) , as well as shallower, as 
they move in an axial rearward direction. Debris ports 
38 permit evacuation of the drilling debris, including 
larger size pieces of debris, under the influence of a 
vacuum in dry drilling. The roof drill bit is also 
useful for wet drilling. 

There is a braze joint between the surface of 
the drill bit body at the axial forward end thereof and 
the rearward surface of the hard insert. The pedestal 
portion near its axial forward end either includes a 
trio of dished out pedestal lobes or a pedestal 
projection having a trio of symmetric lobes for 
cooperating respectively with corresponding three prong 
lobe projections 62 or, alternatively, three dished out 
lobes for forming a connection between the insert 56 
and bit body 22. U.S. patent application serial number 
09/591,664, filed June 9, 2000, to Curnie A. Dunn 
et al. (Case No. K-1554P) is herein incorporated by 
reference in its entirety. 

The roof drill bit hard insert 56 further 
presents three discrete leading cutting edges 76. 
However, there may be more than three discrete leading 
cutting edges depending upon the application. 

The hard insert 56 is preferably (but not 
necessarily) a single monolithic member formed by 
powder metallurgical techniques from a hard material 
such a cemented (e.g., cobalt) tungsten carbide alloy 
wherein a powder mixture is pressed into a r green 

\ 
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compact and then sintered to form a substantially fully 
dense part. Applicants contemplate that the hard 
insert also could be made by injection molding 
techniques. The preferred grade of cemented tungsten 
carbide for the hard insert (i.e., Grade 1) contains 
6.0 weight percent cobalt (the balance essentially 
tungsten carbide) , and has a tungsten carbide grain 
size of 1-8 micrometers and a Rockwell A hardness of 
about 8 9.9. 

Hard insert 56 has a top surface with a 
central surface area 60 surrounding the central axis 
A-A (see FIG . 1) and a bottom surface having three 
prongs projecting therefrom 62. Hard insert 56 has a 
trio of symmetric lobes 64 wherein each lobe 64 has an 
upper step portion 80, a transition portion 82 and a 
lower step portion 84. 

When the hard insert 56 is affixed to the 
drill bit body 22, the lower leading surface 66 of each 
lobe 64 is disposed at a rake angle between about zero 
(0) and negative ten (10) degrees. The rake angle 
illustrated in the drawings for the lower leading 
surface is zero (perpendicular to horizontal) degrees. 
The rake angle "H" for the upper leading surface may 
range from about zero to about negative fifteen 
degrees, and more preferably range from about negative 
five degrees to about negative fifteen degrees. The 
rake angle in the embodiment illustrated is negative 
five (5) degrees as best illustrated in figure 5. By 
exhibiting a negative rake angle, applicants provide a 
hard insert with a strong leading cutting edge. The 
negative rake angle also provides for better powder 
flow during the fabrication process so as to enhance 
the overall integrity (including uniform density) of 
the hard insert. 

The upper step portion has a generally planar 
relief top surface 86 at a constant angle of 
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approximately thirty (30) degrees along its entire 
length. The lower step portion has a generally planar 
relief top surface 90 oriented at a constant relief 
angle of approximately twenty-one (21) degrees. The 
transition portion has a generally planar top surface 
88 oriented at a constant relief angle of approximately 
eighteen 18 degrees. The upper relief angle can range 
between 15-40 degrees, the transition relief angle 
between 5-30 degrees and the lower relief angle between 
5-30 degrees as may be determined adequate by an 
ordinary artisan. The proper relief angles required to 
maintain speed and performance are well-known to be 
related to the cutting operation and earth strata being 
penetrated. The cutting edge 76 has a chamfer 92 as 
are commonly used in the art along the top surface 
thereof to reduce chipping of the cutting edge. 



peripheral surface 74. The lower leading surface 66 
intersects the distal peripheral surface 74 to form a 
generally straight side clearance cutting edge 78 at 
the intersection thereof. The rake surfaces 66 and 65 
intersect the top surface of a lobe so as to form a 
stepped leading cutting edge 76 at the intersection 
thereof. An upper step of the leading cutting edge is 
connected to a lower step by a transition section. The 
upper step and lower step are formed along parallel 
lines, the leading cutting edges are both disposed at 
the same downward angle Z with respect to the 
horizontal as shown in figure 4. Angle Z makes an 
angle between 5-35 degrees with respect to the 
horizontal. The angle Z illustrated in figure 4 is 20 
degrees. A transition cutting edge forms the 
transition between the upper step and lowers step 
cutting edge. The transition cutting edge is inclined 
at an angle of between 35-75 degrees. In figure 4 the 



Each lobe 64 further includes a distal 
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transition edge is oriented at 55 degrees with respect 
to the horizontal. 

A central section of the transition portion 
has a cutting edge 76 that is generally straight at 
said central section and has two rounded portions at 
both ends of the central straight edge section. As 
best seen in figur-e 4 a rounded concave cutting edge 
section 83 forms a smooth transition between the lower 
step 84 and the transition section 82 and a rounded 
convex cutting edge section 81 forms a smooth 
transition between the transition section 82 and upper 
step portion 80. The rounded concave section 83 and 
rounded convex section 81 have a radius of curvature of 
between .03 and .12 inches, a radius of .06 inches for 
both the concave 83 and convex 81 sections works 
effectively for a cutting edge used in earth material 
of general hardness and composition. 

It is believed that the stepped cutting edge 
improves the disintegration of materials into smaller 
cuttings in comparison to a straight line leading 
cutting edge as disclosed in U.S. patent application 
serial number 09/591,644. The smaller cuttings result 
in less plugging of the central vacuum line. When a 
bit body identical to the instant application is 
substituted for a prior art monolithic 3-blade insert, 
such as disclosed in 09/591,644, the roof bit drill 
employing an insert according to the instant 
application can be run at full throttle whereas with 
the roof bit in 09/591,644 it might occasionally be 
required to back off the throttle (also known as 
"feathered") . 

Referring back to the geometry of the upper 
step leading cutting edge and lower step leading 
cutting edge and side cutting edge, while the upper and 
lower sections cutting edges and side cutting edge are 
generally straight and the leading cutting edge relief 
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top surfaces planar and perform in an acceptable 
fashion, other cutting edge geometries are acceptable 
for use. For example, the following patent documents 
disclose suitable cutting edge geometries: U.S. Patent 
No. 4,787,464 to Ojanen, U.S. Patent No. 5,172,775 to 
Sheirer et al., U.S. Patent No. 5,184,689 to Sheirer 
et al., U.S. Patent No. 5,429,199 to Sheirer et al., 
and U.S. Patent No. 5,467,837 to Miller et al. Each 
one of the above patents is hereby incorporated by 
reference herein. 

Referring to FIG. 2, the leading^ cutting 
edges 7 6 of the hard insert 56 have a generally radial 
orientation. A line laying along each leading cutting 
edge when extended in a radial inward direction passes 
through central longitudinal axis A-A of the roof drill 
bit 20. 

Each one of the leading cutting edges 76 
begins at a point that is a distance radially outward 
from the central axis of the hard insert 56. The 
distance K is typically between 1/16-3/16 inches and in 
a preferred embodiment for earth strata of typical 
hardness is 1/8 inches form the central axis. Each 
leading cutting edge 7 6 has an upper step that extends 
in a radial outward direction to a transition portion. 
The upper step has a cutting edge length of between 
1/8-1/4 inch. The upper step cutting edge preferably 
being approximately 1/8 inches in length so as to 
generate acceptable size cuttings when drilling typical 
earth strata. For other types of earth strata being 
drilled the upper step cutting edge accordingly might 
have a length of about 1/4 inch so as to disintegrate 
the material into adequately small sizes to enter into 
dust openings 38. 

The transition portion rises a vertical 
height of generally between 1/16-1/8 inches from the 
lower step to the upper step. For earth strata of 
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normal hardness the change in height is preferably 
about .06 inches. The vertical distance separating the 
upper and lower step and the length of the upper step 
cutting edge are critical design dimensions that 
influence the size of the cuttings. 

There is an open central area 60 (see FIG. 2) 
surrounding the central axis A— A of the hard insert. 
The portion of each leading cutting edge nearer -the 
central axis A— A travels a shorter distance per 
revolution than does the distal portion of each leading 
cutting edge. Because each leading cutting edge 76 
does not extend to the central axis of the hard insert 
56 there is a reduction in the amount of low velocity 
cutting, i.e., cutting that occurs at or near the 
center point of the hard insert. Generally speaking, a 
reduction in the amount of low velocity cutting 
increases the penetration rate of a roof drill bit so 
that (all other things being equal) an increase in the 
magnitude of distance "K" (fig 4) may increase the 
penetration rate. 

In operation, the roof drill bit 20 rotates 
and impinges against the earth strata so that the 
leading cutting edges 76 contact the earth strata so as 
to cut a borehole and the side clearance cutting edges 
78 cut the side clearance for the borehole. Although 
optimum parameters depend upon the specific 
circumstance, typical rotational speeds range between 
about 450 to about 650 revolutions per minute (rpm) and 
typical thrusts range between about 1000 and 3000 
pounds . 

The drilling operation generates debris and 
dust particles. The debris needs to be handled and 
removed from the borehole so as to not interfere with 
the drilling operation. In roof drill bit 20, the 
debris smoothly moves over the lower leading rake 
surfaces 66 and upper leading rake surfaces 65 of each 
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one of the lobes 64 and directly into the corresponding 
debris port 38. By providing a trio of debris ports, 
the roof drill bit 20 provides a way for the debris to 
quickly and efficiently be removed from the vicinity of 
the drilling. The removal of debris, and especially 
larger size debris, is enhanced by the configuration of 
the scalloped portion 36 and the offset and axial 
location of the debris port. The consequence is that 
the debris generated by the drilling (and especially 
larger-sized debris) does not interfere with the 
efficiency of the overall drilling operation. 

Because these three discrete leading cutting 
edges 76 have a generally radial orientation, the roof 
drill bit 20 exhibits excellent balance so as to 
continue to steadily advance with little, and possibly 
no, wobble, i.e., side-to-side movement. While the 
generally radial orientation of the leading cutting 
edges appears to provide the above-described advantage, 
applicants would expect that the roof drill bit would 
still exhibit improved performance even if the hard 
insert would have leading cutting edges that would not 
have a generally radial orientation. 

In other alternative embodiments the bit body 
has a breaker along the scalloped sections 36 such as 
illustrated in figures 5-8 of U.S. patent application 
09/591,644 can be employed to further help disintegrate 
the cutting . 

In another embodiment the lobed drill bit 
insert 56 is identical in shape and size to the 
embodiment illustrated in figures 1-5 but in the 
alternative embodiment each lobe instead of being 
monolithic is a composite of substrates similar to the 
embodiment shown in figure 9 of U.S. patent application 
09/591,664 which is incorporated by reference herein. 
Small cutting elements including the cutting surface 
and edge are made from a separate material having a 
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hardness greater than both the bit body and the 
material that the remainder of the drill bit insert 56 
is constructed from. The small cutting elements are 
received in sockets formed in a bit insert body and 
brazed therein. Such sockets and integration of 
separate substrates into an integral body are well- 
known in industry. To construct a socket and a two 
stepped cutting element for each lobe of applicants' 
invention would fall within the realm of the 
capabilities of an ordinary artisan. 

The patents and other documents identified 
herein are hereby incorporated by reference herein. 

Other embodiments of the invention will be 
apparent to those skilled in the art from a 
consideration of the specification (including the 
drawings) or practice of the invention disclosed 
herein. It is intended that the specification and 
examples be considered as illustrative only, with the 
true scope and spirit of the invention being indicated 
by the following claims. 



